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ABSTRACT 
Knowledge base development requires a substantial investment 
in time, money, and resources in order to capture the knowledge 
and information necessary for anything other than trivial applic- 
ations. This paper addresses a means to integrate the design and 
knowledge base development processes through automated knowledge 
base development from CAD/CAE databases and files. Benefits of 
this approach include the development of a more efficient means 
of knowledge engineering, resulting in the timely creation of 
large knowledge based systems that are inherently free of error. 
INTRODUCTION 
Numerous problems traditionally associated with the develop- 
ment of knowledge based systems have been documented, including 
the availability of experts, the time required to build a system, 
unfamiliarity of the knowledge engineer with the domain, finding 
an expert who is enthusiastic about the project, etc.[1][3][10]. 
Prospective Computer Analysts, Inc, is investigating for NASA's 
Kennedy Space Center, methods to help resolve these and other 
problems through automated knowledge base development. Two of the 
methods and techniques for overcoming these problem areas, auto- 
mated model building from CAD data and automated knowledge 
acquisition, are discussed. Each technique is used for generating 
different types of knowledge. 
The automated model-builder generates the part of the know- 
ledge base required for monitoring, control, and diagnosis of a 
system. The primary advantage associated with this method is a 
significant reduction in the amount of time and effort required 
to build 'a model representative of system connectivity and opera- 
tional values, both normal and abnormal. Whenever the system 
design is changed, a new model can be generated quite easily. The 
knowledge used to generate a model can easily be extended to 
handle new parts and therefore new designs. Only the routines 
which directly interface with the CAD files need to be modified 
for other CAD packages and hardware. 
Design knowledge capture techniques, beyond the standard doc- 
umentation practices traditionally followed, are significantly 
more difficult to implement. For this particular application, we 
are referring to capturing design knowledge from the experts. 
Knowledge will be captured using techniques appropriate for the 
type of knowledge desired. The design knowledge is captured at 
the time when it is easiest for the designer to recall: durin a 
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design session. In order to diminish the problem of extracting 
implicit knowledge, indirect knowledge acquisition techniques can 
also be used. 
Using either method, the knowledge is automatically docurnent- 
ed and incorporated into the knowledge base in one step. The 
problem of knowledge verification and validation, however, still 
remains. This problem is reduced to some degree in the design 
knowledge capture process, which allow the designer to modify the 
knowledge base directly to correct any errors produced during 
it's creation. This capability provides the expert with a control 
capability over the knowledge base. 
AUTOMATED MODEL BUILDING 
By using knowledge about classes of components and design 
data contained in the CAD database, the generation of a model of 
a system being designed may be automated. This model can be used 
as part of the knowledge base for monitoring, control, and/or 
diagnostic software, as well as a communication tool between 
various people working on the project. For example, designers, 
test engineers, manufacturing and production personnel could all 
examine the same design (represented by the model) to check for 
inconsistencies and other factors throughout the life-cycle of 
the product. Examples of research in automated model building 
include that of Thomas [ 1 2 ] ,  and University of Central Florida 
[ 6 1 [ 7 1 .  
In order to deal with the vast amounts of infomation involv- 
ed, the product being designed may be divided into hierarchial 
subsystems or modules. Each of these subsystems may be represent- 
ed as a separate model with connections to the other models, 
thereby representing the subsystems to which it is connected. 
Each model would be contained in a separate knowledge base. As 
each subsystem is needed by the monitoring, control or diagnostic 
software, this knowledge base can be transferred into memory and 
the other written back out to disk. 
By dealing with files produced from the CAD/CAE database 
instead of the entire database, the tine required to produce a 
model and the amount of data handling can be reduced substantial- 
ly. The CAD/CAE files would contain only the design data needed 
to generate the model for each Subsystem, including: 2 unique 
name for each component, unique names for all connections between 
all components, standard nomenclature for each component, units 
used to measure output flow of a Component, range of acceptable 
values associated with a component, part number (standard or 
manufacturers) for each component, and the tolerance asso'ciated 
with each measurement. All available measurements, commands, and 
components within the subsystem, are contained with the files. 
Information about the direction of flow included in the CAD/CAE 
database, and in turn the files, would increase the speed at 
which the model is built. Generally, the CADICAS database only 
indicates how components are physically connecced, with no infor- 
mation given about the direction of the signal flow. As VHDL and 
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EDIF use becomes more widespread, this problem should lessen. 
If different versions of a design are allowed, then different 
models representing these versions of the design must exist. When 
the designer feels significant changes have been made to a design, 
a new model must be generated. By requiring the designer to pro- 
vide meaningful names for the models, including the version num- 
ber of the design and for any connected subsystems, the model- 
builder will be able to handle multiple models for the same sub- 
system. The designer, or design configuration manager, should 
have the option of erasing models corresponding to old designs. 
However, the knowledge of the changes which occurred, and why 
they occurred, will be maintained in the design knowledge base. 
Neither the designers nor the support group will be allowed to 
erase the design knowledge base. 
The model builder will use knowledge about the type and num- 
ber of inputs and outputs associated with a component type to 
derive flow information. A connection list containing Components 
and connection points, will initially be generated from one of 
the CAD files. The model builder algorithm will look for all the 
connections between the components listed in the connection list, 
then determine the input and output connections between the com- 
ponents. Additional information, such as typical or standard 
names for input and output connections, can be used. If the 
algorithm is unable to determine the direction of the signal flow 
for these components, based upon this information, the system 
will hold off making this decision until more information is 
known about the other components in the model. It is reasonable 
to assume that at some point the system will be able to make this 
decision for one pair of components in the model. Once the dec- 
ision is made for one set, it narrows down the possibilities for 
the other components in the model, thus making it possible to 
determine the directional flow between pairs of components, which 
were previously eliminated. 
Although the benefits of automated model building through 
this approach are many, certain problems which limit it's utility 
must be addressed. These problems include when the development of 
CAD designs is spread out over various, non-comTatible, CADICAE 
hardware and software; handling the voluminous amount of informa- 
tion involved; constantly changing designs; the ability for many 
versions of the same design to exist; and for different designers 
to be using different versions of the same subsystem within their 
own design. These problems dictate the standardization of CADICAE 
design environments within common development and/or product 
lines. This will significantly reduce translation and configura- 
tion management requirements, and the resultant errors. 
DES I GN KNOIJLEDGE CAPTURE 
CAD databases maintain the design representation and changes 
made to the design, however, no method currently exists to cap- 
ture the reasons behind design decisions and changes. In order to 
capture this knowledge, it is necessary to supplement CAD/CAE 
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software with a design knowledge capture tool. 
By interacting with the designer using voice recognition and 
voice synthesis, the designer may be interviewed during the evol- 
ution of the design. Access to the design is provided through the 
model created from the CAD/CAE data. A t  the beginning of each 
design session, the design knowledge capture tool ensures that it 
has a model of the subsystem design to be worked on by the 
designer. If the model does not exist, one can be generated. It 
would not be practical to continually generate new models during 
the design session. Using this method, the design knowledge cap- 
ture tool has an accurate model of the Subsystem design at the 
beginning of the design session, 2nd the designer is.asked ques- 
tions to determine what changes are being made. 
Once a change is detected, questions can be asked to capture 
the designer's knowledge which went into making that change. This 
method leads the designer into explaining the design planning 
strategies, related analogies, general design knowledge, and the 
designers own experiences which went into making the design dec- 
isions. The knowledge used by an expert in designing inust be 
represented using different data structures. For example, a plan 
can be best represented as a cyclic directed graph. The informa- 
tion required for each t y p e  of knowledge needs to b e  explicitly 
defined in order for questions t o  be generated. Associated with 
each question would be a set of expectations which can be conpar- 
ed with the answers received. Information received from the de- 
signer may or may not pertain to this question. Extraneous infor- 
mation received from the designer can still be processed by the 
system and incorporated into the knowledge base, however, the 
list of expectations will ensure that when an answer is given to 
the question, it will be recognized. 
Typical questions asked could include: 
1. (FJhy are you)( raising : changing : lowering : ... > (the) 
(pressure : temperature : dimensions : . ..) (of the) ( compressor 
: pump : power supply : ... > ( ? )  
2. Why is this change necessary? 
3. What other parts will be affected by this change? 
4 .  How will these other parts be affected by this change? 
5. Have you seen a similar configuration of parts previously? 
Research was performed in learning casual models of physical mech- 
anisms by understarding real-world natural language explanations 
of these mechanisms by the University of Connecticut [4][11]. 
Forward chaining rules can be used to select questions based 
upon the user's responses and related pieces of knowledge in 
memory. It is therefor very important to establish a relationship 
betweer what is being said by the designer and mernory. When a 
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human being is reading a sentence, the individual words are re- 
cognized, concepts are formed based upon those recognized words, 
and the user is reminded of related knowledge in memory. This 
should be the same process which takes place during natural lan- 
guage processing. 
Intuitively it would appear a connectionist approach, such as 
that suggested by Jordan Pollack would be the best implementation 
for natural language processing [ 5 ] [ 9 ] .  This approach provides 
mechanisms for combining various types of knowledge for the pro- 
cessing of natural language. Each knowledge segment is represent- 
ed as a node with excited or inhibited links to other nodes with- 
in the network. Each of che nodes represents a concept or micro- 
feature within the domain. It allows domain and general world 
world knowledge and syntactic and semantic constraints to be 
integrated together for processing of the input. 
Analogies, plans, experiences, general design frames, specific 
design frames, and design rules would be integrated into the 
network via nodal connections. This permits episodic memory to be 
used in the processing of the user's input. Nodal connections 
can be established between concepts or microfeatures within the 
network and slots of the general design frame for compressors, 
for example. Once the user mentioned the word "compressor", all 
of the related plans, experiences, etc. would be activated, in 
addition to the corresponding concepts and microfeatures within 
the network. 
Some problems associated with this approach exist, however. Of 
primary concern is that the number of nodes and connections re- 
quired is enormous. Either the nodes and connections for the 
entire network need to be represented in memory as they are, or a 
sub-network will .need to be generated as words are processed. The 
first method will require a. significant amount of memory. The 
second method involves additional overhead and therefore addi- 
tional time. PA parallel processor will be required to generate 
the new activation values for each of the nodes and update the 
weighted connections. The connections can be hardwired. Another 
question is how will the system handle the introduction of new 
nodes and the establishment of new connections. As each new part 
is mentioned by the user, it should become a part of the network. 
It will also be difficult to relate the activated conceytslmic- 
rofeatures within the network to the changes required in the 
plans to reflect this new information. It will be difficult to 
incorporate information received from the designer into the 
plans, analogies, etc. used to represent the design knowledge. 
Another obvious problem is the cost of a parallel processor. 
It would not be feasible to provide every design engineer with a 
massively parallel processor to perform natural language process- 
ing. An alternative solution is to combine a conceptual analyzer 
[ 2 ]  where syntactic and semantic inforaation can be stored, with 
episodic memory, represented as general design frames, specific 
design frames, design rules, plans, analogies, and experiences. 
Episodic memory will be stored in terms of a type of component, a 
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specific component, and/or a characteristic of the component. 
Activation of a related concept in the dictionary (used in con- 
ceptual analysis) would cause the activation of related pieces of 
episodic memory. This approach will allow syntactic and semantic 
constraints, domain and general world knowledge with episodic 
memory to be integrated, although not to the same degree as a 
connectionist network. Also, the speed of processing will be 
slower. However, at the present time this method is feasible, 
while the connectionist approach should be considered appropriate 
for future applications. 
Design Knowledge Capture Considerations 
A key element in design knowledge capture is the need to be 
able to recognize changes in the focus of attention. When the 
designer changes the course of the conversation, new questions 
and expectations need to be generated. The currently active know- 
ledge in memory needs to be changed to reflect the new focus of 
attention. Consideration must be given as to whether to incorpor- 
ate all of the previous information given prior to the change in 
focus into the knowledge base, erasing the related questions and 
expectations, or to keep this information on the chance that the 
designer will refer to an earlier topic. This will require con- 
siderable overhead and the need for questions to be generated to 
determine which one of the previous subjects the designer is 
discussing. One possible solution is to consider one subject at a 
time and look upon any diversion as a change in focus. 
Restricting the designers' ability to modify design informa- 
tion given within certain time periods, e.g. daily, weekly, etc., 
but allowing visibility to previous data is desirable. One possi- 
bility is to allow the designer to change knowledge given during 
the current (i.e., present day) design session, but provide read- 
only access to knowledge given in prior design sessions. This 
protects the knowledge of other designers contained within the 
knowledge base, and prevents the loss of previous knowledge which 
would be very difficult to replace in the event of accidental 
loss. Further restrictions with respect to the amount of know- 
ledge which can be modified in the same subject area would also 
be warranted for the same reason. A designer may also add know- 
ledge to the knowledge base using techniques discussed in the 
following paragraphs. 
Knowledge acquisition techniques fall into one of two cate- 
gories, direct or indirect [ 8 ] .  Direct techniques include: inter- 
views, questionnaires, observation of task performance, protocol 
analysis, interruption analysis, closed curves and inferential 
flow analysis. Questionnaires can be generated for holes in the 
knowledge base and the user asked to fill out these questionn- 
aires. Drawing closed curves can be used to help discover analo- 
gies. The designer would be asked to draw a closed circle around 
related objects. Next, questions can be generated to determine 
the sirnilarities between the objects and derive design rules 
which can be extended from one domain to another. 
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The indirect methods include multidimensional scaling, hier- 
archical clustering, general weighted networks, ordered trees, 
and repertory grid analysis. General weighted networks can be 
used to discover planning strategies. The network is made up of 
concepts represented as nodes. The links are used to show order 
and direction of the steps in the plan. In this case, the con- 
cepts are steps of a plan. The user would be given major steps 
within a plan and through questions, the substeps of the plan 
would be discovered. The designer would establish the order of 
the substeps using links to connect the nodes. 
The total memory of the system includes a model of the system 
designed and the design knowledge which went into the design. 
However, additional knowledge can be added such as, repair and 
maintenance data on the parts contained within the system, manu- 
facturing knowledge on how to produce the parts, the list of 
manufacturing equipment available and their capabilities and 
limitations, and knowledge about the environment in which the 
system will be operating. An additional layer can be added which 
would act as a communication module, permitting people from var- 
ious departments access to information about the system. By 
allowing this open exchange of information during the design of 
the system, the probability of producing a system which can be 
manufactured and meet operational requirements, the first time, 
is increased significantly. This knowledge should be available 
and easily accessible throughout the life cycle of the system. It 
can be used when a design revision, a new environment for the 
system, or when a change in manufacturing equipment is being 
consid.ered. 
Other knowledge acquisition modules would need to be devel- 
oped to deal with these other domains. Also a suitable network of 
hardware and software would need to be selected. Other factors to 
consider would be, an increase in security, how often will the 
knowledge bases be accessed, physical locations of people access- 
ing the information. 
CONCLUSIONS 
Two methods for model building and design knowledge capture 
for automated knowledge base development have been presented. 
Current technology provides the means to address this topic and 
initiate development with meaningful results which may be applied 
towards solving inany design knowledge capture and knowledge base 
development problems which exist today. 
The means to overcome limitations in today's technology is 
available, however long term solutions would greatly benefit from 
connectionist methodologies utilizing massively parallel process- 
ing in a standardized CAD/CAE development environment. 
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